Introduction
The ability of spermatozoa of a number of species to utilize glycerol has been well established. Glycerol stimulates oxygen consumption by ram (Mann & White, 1956 , bull (White, 1957) , boar (Aalbers et al, 1961) and goat spermatozoa (Mohri et al., 1970) and [l4C] glycerol is oxidized to l4C02 by rat (Cooper & Brooks, 1981) and human spermatozoa (Murdoch & White, 1968) . We have confirmed that mature boar spermatozoa oxidize glycerol to C02 (Jones & Chantrill, 1989 ), but the mechanism has not been established. The 'classical' pathway of glycerol metabolism is its conversion to glycerol-3-phosphate, which is oxidized to dihydroxyacetone phosphate, an inter¬ mediate of the glycolytic pathway (Stryer, 1988) . The production of glycerol-3-phosphate requires ATP and glycerol kinase (EC 2.7.1.30) , but the activity of this enzyme is not detectable in the spermatozoa of several species, including man, and is reported to have low activity in the spermatozoa of others, including boar (Mohri & Masaki, 1967) .
We present the results of a comparative study of the metabolism of glycerol, glycerol-3-phosphate, glyceraldehyde and dihydroxyacetone in mature boar spermatozoa. Use has been made of 3-chloro-l-hydroxypropanone (CHOP), which is converted by triosephosphate isomerase into (S^-chlorolactaldehyde (Stevenson & Jones, 1985) , a specific inhibitor of sperm triosephosphate isomerase (EC 5.3.1.1) and glyceraldehyde 3-phosphate dehydrogenase (EC 1.2.1.12) (Jones & Cooney, 1987; Cooney & Jones, 1988 Metabolic studies. The collection of mature boar spermatozoa, the preparation of washed suspensions of cells, the incubation parameters and the processing of incubates have been previously described (Jones & Chantrill, 1989 (Stevenson & Jones, 1982) , fructose-1,6-bisphosphate and dihydroxyacetone phosphate (Michal & Beutler, 1975) , ATP (Jaworek & Welsch, 1985) and lactate (Gutmann & Wahlefeld, 1974) were performed according to the literature. Protein was estimated (Lowry et ai, 1951) , using bovine serum albumin as a standard and the results were calculated using the linear-transform equation of Coakley & James (1978) . Assays for glycerol kinase activity were performed by the method of Bergmeyer el ai (1985) on samples prepared by the procedure of Mohri et ai (1965) .
All values are given as the mean ± s.e.m. for the number («) of determinations indicated.
Chromatography. Sperm suspensions (15 ml) were incubated at 34C with [U-l4C]glycerol (400-500 pCi, 2 mmol/1) and CHOP (1 mmol/1) and terminated after 0 and I h by addition of 2,4-dinitrophenylhydrazine reagent (method 2 of Vogel, 1957) (1 ml) and ethyl acetate (1 ml (Fig. 2) . When [l,3-l4C] glycerol and [2-l4C] glycerol were offered as substrates, the production of C02 in 1 h was 470 ± 5-2 and 43-9 + 6-4 nmol/mg protein (n = 6), respectively, similar to that from [U-14C]glycerol. The presence of CHOP inhibited the production of l4C02 in 1 h from [l,3-l4C] (Fig. 3) ; the presence of 0-5 mmol CHOP/1 inhibited its production. With dihydroxyacetone, lactate accumulated from a pre-incubation value of 19 + 4 to 38 ± 17; in the presence of CHOP, this fell to 9 ± 4 (nmol/mg protein, = 4). With glyceralde¬ hyde, lactate accumulated from a pre-incubation value of 22 ± 2 to 43 ± 5; in the presence of CHOP, this fell to 12 + 4 (nmol/mg protein, = 4). In the presence of I mmol CHOP/1, dihydroxy¬ acetone phosphate and fructose-1,6-bisphosphate accumulated after 1 h when dihydroxyacetone was offered as the substrate, but not when glyceraldehyde was offered (Fig. 4) .
Glyceraldehyde as an intermediate of glycerol metabolism
When spermatozoa was incubated with [U-l4C]glycerol for 0 and 1 h in the presence and absence of CHOP, [l4C]glyceraldehyde was detected after 1 h, but only when CHOP was present, and was not detected at zero time. Analysis of incubates by TLC showed the presence of one radioactive 2,4-dinitrophenylhydrazone at RF 0-49 (RF of authentic glyceraldehyde-2,4-dinitrophenylhydrazone was 0-47). Paper chromatography showed the presence of one radioactive trióse at RF 0-65 and 0-50 in solvents and C, respectively. In these solvent systems, glyceraldehyde has RF values of 0-56 and 0-52, while those for dihydroxyacetone are 0-90 and 0-48.
Discussion
We have previously observed that, in the presence of 0-5 mmol CHOP/1, incubates of boar spermatozoa are capable of synthesizing more than twice the amount of ATP when 2 mmol glycerol/1 is the substrate than when 1 mmol fructose/1 is offered (Cooney & Jones, 1988) . This led to the finding that (5)-3-chlorolactaldehyde, the active metabolite of both (Sj-a-chlorohydrin and CHOP, was an inhibitor of triosephosphate isomerase as well as of glyceraldehyde-3-phosphate dehydrogenase (Cooney & Jones, 1988) . However, this finding did not resolve the original obser¬ vation: why should the inhibition of two glycolytic enzymes not affect the metabolism of fructose and glycerol to similar extents, as the oxidation of either substrate should require both enzymes?
Glycerol was oxidized to CO, more slowly than glycerol-3-phosphate, but the presence of 1 mmol CHOP/1 reduced the rate of production of CO, by similar proportions. This, and the fact that glycerol kinase activity could not be detected, indicated that glycerol must enter the glycolytic pathway in boar spermatozoa by a route other than the sequence glycerol-»glycerol-3-phosphate-» dihydroxyacetone phosphate. As the effect of CHOP on the oxidation of [U-I4C] , [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and [2-'4C]glycerol to 14C02 was similar, glycerol must enter the glycolytic pathway as a C3 metabolite which is converted to glyceraldehyde-3-phosphate. Two possible pathways for this are glycerol-» glyceraldehyde-»glyceraldehyde-3-phosphate and glycerol -»dihydroxyacetone-»dihydroxyacetone phosphate->glyceraldehyde-3-phosphate. Both (Toews, 1966) and rabbit (Korman et al, 1972) skeletal muscle and human erythrocytes (Beutler & Guinto, 1974) possess such enzymes, although kinetic studies indicate that the reaction strongly favours glycerol formation (Toews, 1967) . We have noted that (Sj-a-chlorohydrin is metabolized by boar spermatozoa to (.S)-3-chlorolactaldehyde by an enzyme that is involved in the oxidation of glycerol to glyceraldehyde (Jones & Stevenson, 1983) but any implications as to the existence of this pathway in boar spermatozoa would only be speculative. However, its presence may explain why the antiglycolytic activity of (S)-a-chlorohydrin on mature spermatozoa in vitro is species-specific (Jones, 1983) .
